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Introduction
Pear (Pyrus communis L.) production is still incipient in Brazil, which produces approximately 10% of the pears consumed in the domestic market. The lack of adequate chilling, i.e., quantity and quality, during the dormancy period, the need for adapted cultivars and rootstocks, and insufficient knowledge about orchard management are the main responsible factors for this situation (Pasa et al., 2012) . Among these problems, there is a greater lack of information on the latter, regarding, for instance, planting density. According to Policarpo et al. (2006) , increasing planting density is a powerful tool to increase fruit yield and orchard efficiency.
Pear production in Brazil is characterized by low density orchards grafted mainly onto vigorous rootstocks, such as P. calleryana, which have low early production (Pasa et al., 2012) . In order to overcome this difficulty, more efficient and profitable systems, including high-density planting, might be used. These orchards offer the advantages of early production, sustained high yields of high-quality fruit, and lower labor costs (Hampson et al., 2002 early production could be achieved, pears would be an attractive alternative fruit crop for fruit growers (Robinson, 2011) . Planting density is usually increased by reducing in-row distances, since light interception and mechanical operations limit the reduction of distances between rows (Policarpo et al., 2006) . Increasing density up to 8,000 trees per hectare in pear orchards results in higher yields (Sansavini & Musacchi, 2002) ; this performance, however, is also linked to a notable increase in planting and management costs (Sansavini et al., 2008) . According to Asín et al. (2005) , the planting density of 2,667 trees per hectare seems to be the most suitable system for quickly entering production, while maintaining an intermediate level of plantation costs and an appropriate level of production efficiency. Sansavini et al. (2008) suggest that the proper high-density planting threshold is of 4,000 trees per hectare, in which the density factor will depend on how practicable it may or may not be in a given situation.
The objective of this work was to evaluate the performance of 'Rocha' and 'Santa Maria' pears at two planting densities.
Materials and Methods
The study was conducted at the experimental field of Universidade Federal de Pelotas located in the municipality of Capão do Leão, in the state of Rio Grande do Sul, Brazil (31º52'00"S, 52º21'24"W, at 48 m of altitude), during the 2011/2012, 2012/2013, and 2013/2014 growing seasons. The soil of the experimental area is a Argissolo Amarelo distrófico (Ultisol), according to the Brazilian soil classification system (Santos et al., 2013) . The chilling hour accumulation (<7.2ºC) in 2011 was of 449, 413, and 464 hours, respectively (Embrapa, 2015 . The weather conditions during the development of the experiment are described in Table 1 .
Plant material consisted of one-year-old 'Santa Maria' and 'Rocha' pear trees grafted onto a low-vigor rootstock -'Adams' (Cydonia oblonga Mill.). Those cultivars were chosen because of their potentiality in Brazilian conditions, considering their low chilling requirement (~500 hours). Trees were trained in a central-leader system and supported by a three-wire frame at 0.5, 1.1, and 1.7 m from the ground. In the field, trees were planted in two separate single rows, spaced at 5 m between rows and at 0.5 or 1 m within the row, totalizing 4,000 and 2,000 trees per hectare, respectively. Soil fertility was corrected at the beginning of the experiment based on soil analysis. Cultural practices were similar for all treatments: fertilization based on soil analysis; shoot bending; disease and pest control; weed control and drip irrigation in the summer (Pasa et al., 2012) . Since orchard establishment, only light pruning was done, with water sprout removal during the summer if necessary, but no pruning of fruiting branches. At the end of the winter in 2011, 2012, and 2013 , at the green tip stage, trees were treated with hydrogen cyanamide (0.2%) and mineral oil (3%) to standardize budburst and flowering.
Trees were arranged in a randomized complete block design with four replicates of ten trees per cultivar-spacing combination. Trunk diameter was measured at 15 cm above the graft union with a digital caliper, at the beginning of the trial and at the end of each growing season, and expressed as trunk diameter increment in millimeters. On 1/20/2012, 1/29/2013, and 1/29/2014, eight of the ten trees were harvested (leaving one tree at each end as a border) per replicate at commercial maturity, that is, at flesh firmness of 60-70 N. Data on yield and fruit quality of 'Santa Maria' in 2012/2013 are not presented, since there was no production in this growing season, probably due to the lower chilling accumulation observed in the winter of 2012. The total number of fruit per tree was counted and weighed (kg). From these data, the following parameters were calculated: production per tree (kg); average fruit size (g); yield (Mg ha -1 ); and yield efficiency (kg cm -2 ), calculated as the reason between production per tree and trunk cross-sectional area (TCSA). TCSA was determined according to Pasa et al. (2012) .
At harvest, samples of 15 fruit per replicate were placed in regular-air cold storage (0±1°C; RH 85±5%) and analyzed after 30 days for determination of fruit quality parameters. In the first growing season (2011/2012), fruit firmness was measured right after fruit were taken out of cold storage, whereas, in the other growing seasons, it was measured after fruit were left for five days at room temperature (25°C) Turoni, Forli, Italy), using an 8 mm diameter probe. Sections of skin, 2 cm in diameter, were removed at the widest point of the fruit on opposite sides prior to the determination of fruit firmness. After fruit firmness measurements, a composite sample per replicate was juiced, and 0.5 mL of juice was pipetted onto a digital refractometer, model PR-32 (Atago Co., Tokyo, Japan) to determine soluble solids contents, expressed as ºBrix.
Data were analyzed for statistical significance, using the F test. The number of fruit was transformed to square root (n + 1). Duncan's test was performed to compare treatments when analysis of variance showed significant differences among means.
Results and Discussion
Production per hectare was greater in the higher planting density in the 2011/2012 and 2012/2013 growing seasons for 'Rocha', but only in the 2011/2012 growing season for 'Santa Maria' ( Table 2 ). The latter variety did not produce in 2012/2013, probably due to bud abortion, since chilling accumulation in 2012 (413 hours) was lower than in the other growing seasons (449 and 464 hours in 2011 and 2013, respectively) and winter temperatures were higher (Table 1) . In fact, 'Rocha' was also negatively affected in this growing season, producing less than in the previous year, when it was supposed to produce more. Cumulative yield differed only for 'Rocha', and the highest value was observed with 4,000 trees per hectare (Table 2) .
Production increases obtained with a higher planting density were also reported for 'Conference' (Policarpo et al., 2006) , 'Bartlett', and 'Bosc' pears (Robinson, 2011) and for 'Red Spur' apple (Pramanick et al., 2012) . Increments in production per hectare are expected as planting density is increased, because of the higher number of trees capable of producing fruits. This effect was also observed by Musacchi et al. (2011) for 'Abbé Fétel' and in the present study for 'Rocha', in which cumulative production in the higher density was approximately 40% greater than in the lower planting density. As for 'Santa Maria', since no production was observed in the 2012/2013 growing season, it is not possible to conclude if the results would be similar, but yield increased in 2011/2012 in the higher planting density and there was no difference for yield between the two planting densities in 2013/2014 or for cumulative production.
Yield efficiency of 'Rocha' did not differ between planting densities in any of the growing seasons, whereas for 'Santa Maria' it was greater only at the lower planting density in 2013/2014 (Table 2) . Production per tree differed between planting densities in 2012/2013 for 'Rocha', which was more productive at the density of 4,000 trees per hectare, and in 2013/2014 for 'Santa Maria', at 2,000 trees per hectare (Table 3) . Fruit number differed significantly only for 'Santa Maria' in the 2013/2014 growing season, when fruit number was greater at the lower planting density. Average fruit weight was higher in the lower planting density for both cultivars only in the 2011/2012 growing season. The greater production per tree observed for 'Santa Maria' in 2013/2014 in the lower planting density was probably due the higher number of fruits, since differences in average fruit weight were nonsignificant. The increase in production per tree and in yield efficiency with decreasing planting densityregistered for 'Santa Maria' in the 2013/2014 growing season -was also reported for 'Red Spur' apple (Pramanick et al., 2012) , in which trees at the lowest planting density showed the greatest production per tree. However, opposite behavior was found for 'Forelle' pear (Plooy & Huyssteen, 2000) , 'Royal Gala' and 'McIntosh' apples (Hampson et al., 2004) . This indicates that pear tree behavior in high-density plantings is genotype-dependent (Policarpo et al., 2006) ; therefore, each cultivar has to be tested in order to find out the most suitable planting density.
Reduction in fruit weight at higher planting densities, as observed for both cultivars in the 2011/2012 growing season, also occurred in 'Conference' (Policarpo et al., 2006) , 'Bartlett', and 'Bosc' (Robinson, 2011) pears, as well as in 'Red Spur' apple (Pramanick et al., 2012) , but not in 'Forelle' pear (Plooy & Huyssteen, 2000) . Musacchi et al. (2011) found a positive correlation between low planting densities and fruit weight (1) Means followed by different letters within columns differ significantly according to Duncan's test, at 5% probability. increase. Reduction in fruit weight has been related with a higher crop load of high-density plantings (Robinson, 2011) ; however, fruit number did not differ among planting densities in the evaluated growing season, whereas fruit weight was negatively affected by the higher planting density. Possibly, this effect was due to less water availability on a per tree basis in the closer spacing (Policarpo et al., 2006) , since irrigation was similar for both planting densities.
There was an increase in production from 2012/2013 to 2013/2014, and from 2011/2012 to 2013/2014 for 'Rocha' and 'Santa Maria' pears, respectively, in both planting densities. This result is probably related to the adopted pruning management, which consisted in minimum pruning of the orchard since its establishment, i.e., only some water sprouts were removed when necessary in the summer, while fruiting branches were not pruned. This management was chosen because pear trees need 2-3 years to develop their main fruiting structures, the spurs (Westwood, 1987; Elkins et al., 2007) . In this case, the light pruning of the trees in the first years allowed the development of these structures. Excessive vegetative growth is negatively correlated with flowering spur formation (Pasa et al., 2011) , whereas the invigorating effects of pruning are well-known for pear (Pasa & Einhorn, 2014) .
Differences in trunk diameter increment were observed in the 2011/2012 and 2013/2014 growing seasons, when 'Rocha' showed greater trunk diameter in the lower planting density (Table 4 ). This effect was also observed in 'Conference', 'Abbé Fétel', and 'Comice' pears (Musacchi et al., 2005) . A possible explanation is the suppression of tree growth by the greater production area of 'Rocha' at the higher planting density, considering fruit growth dominates over vegetative growth (Smith & Samach, 2013) . This result might also be an effect of root growth suppression at the closer spacing, as reported for 'Williams' pear (Policarpo et al., 2006) . In this situation, trees would have a disadvantage on the competition for soil resources, when compared with trees at wider spacings. However, further studies are necessary to investigate the effects of planting density on root-soil interaction.
Fruit quality parameters were influenced by planting density only in the 2011/2012 growing season (Table 4) . Fruit from both cultivars exhibited higher firmness at the higher planting density. A similar pattern was observed for soluble solids of 'Rocha' pear fruit. On the contrary, fruit of 'Santa Maria' showed a greater amount of soluble solids at the lower planting density. Policarpo et al. (2006) found lower fruit firmness of 'Conference' fruits as planting space was widened. A hypothesis for this result is that fruits of trees at the closer spacing were more shaded, slowing down fruit ripening. Garriz et al. (1997) reported higher firmness of shaded 'Bartlett' fruit. However, Plooy & Huyssteen (2000) did not find differences on fruit firmness and soluble solids of 'Forelle' pear as affected by planting density. The higher soluble solids of 'Rocha' at the higher density may be attributed to the lower fruit weight, concentrating the amount of sugars. However, 'Santa Maria' did not follow this pattern. Either way, differences for both cultivars were nonsignificant and occurred in only one out of three growing seasons. 
